We consider Tweedie's compound Poisson model in a claims reserving triangle in a generalized linear model framework. We show that there exists practical situations where the variance needs to be modeled as well as the mean of the costs. We optimize the likelihood function through either direct optimization or double generalized linear models (DGLM). Because it is well known that the maximum likelihood variance estimators are biased downwards in such situations, we also enhance the estimation of the variance parameters within the DGLM by using the restricted maximum likelihood (REML). Having a flexible variance structure allows the model to replicate the underlying risk more appropriately and shrinks the gap between the predicted variances of different models. This is a joint work with Danaïl Davidov.
Title: Analysis of multilevel semi-continuous data using covariate-dependent random effects Speaker: M Tariqul Hasan, University of New Brunswick, Canada.
Co-authors: Renjun Ma and M Dedarul Islam
Clustered multilevel semi-continuous data, in which positive continuous measurements accompanying with a significant portion of exact zeros, frequently occurs in social, environmental and health sciences. Clustered data are traditionally handled using models with covariate-independent random effects in the statistical community. Models with covariatedependent random effects have recently gained attention. In this work, we apply Tweedie compound Poisson model with covariate-dependent random effects for modeling multilevel semi-continuous data. Our approach has flexible parametric interpretation for multilevel data since the cluster-specific covariates can be incorporated into random effects. Similar to Tweedie models with covariate-independent random effects, the parameter estimation and random effect predictions of Tweedie models with covariate-dependent random effects can also be done using the orthodox best linear unbiased predictor (BLUP) approach which does not require inverse calculation of large variance matrices; therefore it is in general computationally efficient. On the basis of data analysis and simulations studies, we illustrate that Tweedie models with covariatedependent random effects are useful for situations where the clustering effects are likely influenced by covariates at the relevant cluster levels.
Title: Wildfire analysis through spatial areal Tweedie mixed models Speaker: Tiago Pellegrini, University of New Brunswick, Canada Co-author: M. Tariqul Hasan and Renjun Ma Wildfire is a great concern due to its great impact on the environment, wildlife and natural resources. From the statistical point of view, the analysis of spatial and temporal information collected from wildfires helps assessing and predicting trends and random patterns of wildfire occurrence in order to prevent and reduce the cost of fighting a fire. As a fire can compromise a large area often, the interest is to account for geographical areas of risk where an eventual fire may occur. However, the complex correlation structure among areas added to skewed and zero inflated data might not be suitable for classical modelling approaches. In this work, we present a new spatial modelling approach that addresses those difficulties through spatial areal Tweedie mixed models. In addition to zero inflated data this model enjoys flexibility in modelling discrete and continuous data incorporating nested structures through random effects. Data examples will be present in order to illustrate applications of our modelling approach. Count data with such a high frequency of zeros that they cannot be described well by the standard Poisson and negative binomial distributions occur frequently, in particular in biological sciences. Two major approaches exist to model such data: to give the zeros special treatment, effectively leading to two-component models that may take different forms but often go under names such as zero-inflated or zero-altered models, or to use a distribution class that has excess zeros built into its construction: the compound Poisson distributions, among which the Tweedie distributions play a prominent role. Software implementations to fit regression models of both types are available in standard statistical packages such as Stata, SAS and R. Expansions of such models to account for a hierarchical data structure have been studied for the past 15 years, and several approaches may be considered as theoretically solved. In practice, however, the applied researcher faces the need to carry out the analysis using less straightforward software implementations/environments, in addition to questions about choice of modeling approach, interpretation of parameters and specific model settings, e.g. related to appropriate incorporation of data structure. The purpose of this work is to describe some of these challenges in the context of small-sample inference for two-level data.
A study was carried in the waters around PEI to explore how wild oyster quality depends on environmental characteristics and fishery management factors. Oyster quality is defined in terms of size and shape of oysters, and the best ("choice") quality receives by far the best price and is really the only type worthwhile harvesting for oyster fishermen. For 97 oyster samples obtained at 16 sites, the number of choice oysters as well as the total number of oysters within the sample area were recorded. The choice oyster counts ranged from 0 to 20, with 40 out of 97 values being equal to zero. The models explored for these data included zero-inflated Poisson, negative binomial and ordinary binomial models, hurdle models and models based on compound Poisson distributions, all involving random site effects to account for the repeated sampling within sites.
Title: Modeling proportions and marginal counts simultaneously for clustered multinomial data with random cluster sizes Speaker: Guohua Yan, University of New Brunswick, Canada.
Co-authors: M Tariqul Hasan and Renjun Ma
Clustered multinomial data with random cluster sizes commonly appear in health, environmental and ecological studies. Traditional approaches for analyzing clustered multinomial data contemplate two assumptions. One of these assumptions is that cluster sizes are fixed, whereas the other demands cluster sizes to be positive. Randomness of the cluster sizes may be the determinant of the within-cluster correlation and between-cluster variation. We propose a baseline-category mixed model for clustered multinomial data with random cluster sizes based on Poisson mixed models. Our orthodox best linear unbiased predictor approach to this model depends only on moment structure of unobserved distribution-free random effects. Our approach also consolidates the marginal and conditional modeling interpretations. Unlike the traditional methods, our approach can accommodate both random and zero cluster sizes. Two real life multinomial data examples, crime data and food contamination data, are used to manifest our proposed methodology. Stochastic population dynamics (SPD) models provide a flexible modeling framework to infer fluctuations in wildlife populations. Given a time series of animal abundance counts, SPDs play a pivotal role in conducting population viability analysis. An important issue in fitting these models is that true abundance counts are hidden from view. Instead, yearly abundance estimates are available only. This constraint leads to a state-space modeling framework that jointly estimates the observed data model and the underlying SPD model. In this work, we integrate distance sampling survey data and SPD models using a hierarchical spatial version of state-space models where we explicitly model spatial correlation in population density. We show through simulations, and with very short time series, that our hierarchical state-space model efficiently captures the underlying dynamical parameters and spatial abundance distribution. We also exemplify our methodology by analysing a time series of line-transect distance sampling data for a fin whales (Balaenoptera physalus) population off the U.S. west coast. Multivariate data with complex spatiotemporal structures are common in environmental studies. In order to account for such spatiotemporal structures, spatially and temporally correlated univariate random effects are often incorporated into generalized linear models for such data. The disadvantage of this shared random effects model is its inflexibility to model cross correlation between the marginal counts. In this presentation, we propose to incorporate spatially and temporally correlated multivariate random effects into generalized linear models for multivariate count data. The estimation of these models often poses theoretical and computational challenges. We extend the orthodox best linear unbiased predictor (BLUP) approach to these multivariate models. Our approach is illustrated with application to Ohio health data where the annual lung cancer and leukemia data for 88 counties were obtained from . With estimated spatial and temporal random effects, we will also discuss the identification of high/low risk areas, spatial clustering as well as temporal trend and correlation between lung cancer and leukemia data.
Title: Impact of Misspecifying Spatial Exposures in a Generalized Additive Modeling Framework: with Application to the Study of the Dynamics of Comandra Blister Rust in British Columbia
Speaker: Cindy Feng, University of Saskatchewan, Canada.
In environmental and epidemiological studies, the nearest distance between the susceptible subject and the exposure source is a commonly used exposure measure, principally because this measure is easy to collect; more recently, the density of the exposure has been considered as a measure of exposure. However, no study has ever quantitatively compared nearest distance and density of exposures in any field. In particular, in the field of forestry, few studies have accounted for density-based exposure measures to disease pathogen, mostly due to the difficulty of measuring the spatial locations of disease host plants. Misspecification of exposure measures may result in inaccurate determinations of the link between exposure and the response of interest. Such considerations are motivated by the study of the disease dynamics of Comandra blister rust on lodgepole pine. This disease spreads to pine trees through alternate host plants near the trees. We aim at understanding the relationship between the alternate host plant presence and the disease, as well as effects relating to genetic variation in the trees. We contrast the use of nearest distance to the alternate host plant, with host plant densities at different orders of neighborhood, as exposure measures, in the framework of a flexible semiparametric generalized additive model, while adjusting for a spatially smooth surface. We demonstrate that if exposure is inaccurately modeled, bias in estimating genetic effects may manifest themselves and larger predictive error may be induced. Ground-level ozone concentration is a key indicator of air quality. There may exist sudden changes in ozone concentration data over a long time horizon, which may be caused by the implementation of government regulations and policies, such as establishing exhaust emission limits for on-road vehicles. To monitor and assess the efficacy of these policies, we propose a methodology for detecting changes in ground-level ozone concentrations, which consists of three major steps: data transformation, simultaneous autoregressive modelling and change-point detection on the estimated entropy. To show the effectiveness of the proposed methodology, the methodology is applied to detect changes in ground-level ozone concentration data collected in the Toronto region of Canada between June and September for the years from 1988 to 2009. The proposed methodology is also applicable to other climate data.
Title:
The use of hydrodynamic data to aid modeling of spread of diseases and infestations among aquaculture production sites in Atlantic Canada Speaker: Raphaël Vanderstichel,, University of Prince Edward Island, Canada.
Co-author: Henrik Stryhn
Statistical models have been developed to describe how disease levels depend on factors related to the production and management at marine fish farming sites (a.k.a., risk factor studies). It is well understood theoretically and also verified empirically that diseases may spread between sites located close to each other. Such a spatial dependence is usually incorporated into the statistical models by computing risk factors involving Euclidean distances to neighbouring sites.
One relatively simple refinement is to use seaway distances, i.e. the closest distances in seawater between any two points. Such distances may however completely misrepresent the distance travelled by "particles" when subjected to ocean currents and tides. It is therefore of both theoretical and practical interest to incorporate hydrodynamic models developed by oceanographers into the disease spread models, both for more accurately quantifying risk factors and for simulation of scenarios corresponding to management strategies and disease outbreaks.
This presentation describes ongoing work at the Atlantic Veterinary College in collaboration with Fisheries and Oceans Canada, Dalhousie University, and the Veterinary Institute in Oslo, Norway, on modeling sea lice infestation at salmon production sites in Atlantic Canada. Some recently developed statistical models for sea lice counts at productions in Norway and Chile are briefly reviewed to describe the current state of modeling. Next, the outputs from hydrodynamic models is described and illustrated with data from Atlantic Canada. Finally, it is outlined how the two data sources may be integrated, and some statistical challenges of this integration are discussed. The work is still in its preliminary stages where important decisions need to be made about (statistical) modeling approaches. It is well known that ANOVA F statistics lacks robustness for nonhomogeneous variances in the usual one-way layout. There has been a continuous interest in the problem of comparing several normal population means when the variances are unequal. A parametric bootstrap (BP) approach has been proposed by Krishnamoorthy et al. (2007) and the PB test performs very well when it compares with other existed methods for heterogeneous variances. In certain types of applications, the alternatives of interest impose a prespecified order upon the population means. A typical example is that the higher the dosage level of a drug, the stronger treatment effect. In this project, the BP approach will be extended to the case in which order restrictions are imposed on the normal means when the variances are unequal. The talk will compare the proposed BP test with several tests in the literature through simulation. 
